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Summary
Many organs consist of tubes of epithelial cells enclosing
a central lumen. How the space of this lumen is generated
is a keyquestion inmorphogenesis. Twopredominantmech-
anisms of de novo lumen formation have been observed:
hollowing and cavitation. In hollowing, the lumen is formed
by exocytosis andmembrane separation, whereas, in cavita-
tion, the lumen is generated by apoptosis of cells in the
middle of the structure [1, 2]. Using MDCK cells in three-
dimensional cultures, we found an inverse correlation be-
tween polarization efficiency and apoptosis. When cells
were grown in collagen, where cells polarized slowly, apo-
ptosiswasneeded for lumen formation.However, in thepres-
ence of Matrigel, which allowed rapid polarization, lumens
formedwithout apoptosis. If polarization inMatrigel was per-
turbed by blocking formation of the apical surface byRNAi of
Cdc42, lumens formed by apoptosis. In a complementary
approach, we plated cells at high density so that aggregates
formed with little polarity. These aggregates required apo-
ptosis to form lumens, whereas cells plated at low density
formed cysts with rapidly polarizing cells and did not need
apoptosis to form lumens. The mechanism of lumen forma-
tion in the 3D-MDCK model can shift between hollowing
and cavitation, depending on cell polarization.
Results
Reduced Apoptosis Requirement in Lumen Formation
in the Presence of Laminin, a Strong Polarization Signal
Madin-Darby canine kidney (MDCK) cells, a commonly used
nontransformed epithelial cell line, form polarized cysts with
a hollow lumen when embedded as single cells within collagen
gels. To characterize the involvement of apoptosis during
lumen formation, MDCK cells forming cysts in collagen were
fixed at different times for up to 10 days and then stained for
confocal microscopy analysis with polarity markers and an ap-
optosis marker (Figures 1A and 1A, Figure S1 available online,
quantification in Figures 1C and 1D). The process of lumen for-
mation during morphogenesis presents two phases: an initial
phase (days 1–3) in which the cells present low levels of polar-
ity (indicated by the presence of the apical marker gp135/
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3These authors contributed equally to this work.podocalyxin around the periphery of the cyst and no central lu-
men) and no staining for the apoptosis marker activated
caspase3 (Figure 1A, left panels; Figure S1) and an apoptotic
phase (days 4–10) in which the cells acquire polarity, indicated
by gp135 staining of the apical surface of the cells facing the
central lumen, and the luminal cells are eliminated by apopto-
sis (Figure 1A, right panels, arrowhead indicates apoptotic
cell, Figure S1, quantification in Figure 1C). These results
corroborate previous studies showing the requirement for
apoptosis to clear the lumen in MDCK cysts in collagen [3].
Our previous studies in MDCK cells have delineated the
importance of an external cue from the ECM to create an intra-
cellular signaling that is essential for the initial orientation of
apico-basal polarity during cyst formation [4]. According to
these studies, the interaction of the integrin b1 with collagen
leads to activation of the small GTPase Rac1[5]. Activation of
Rac1 induces the assembly of a laminin network, which in
turn is required for the orientation of polarity. Importantly, ex-
ogenous laminin was sufficient to rescue the inverted polarity
phenotype induced by expression of dominant-negative Rac1
[4]. Overall, these studies suggested that the presence of lam-
inin in the ECM is essential for the initial orientation of polarity
during epithelial morphogenesis. To address the effect of lam-
inin on the requirement for apoptosis during lumen formation,
we formed MDCK cysts in the presence of exogenous laminin.
To this end, MDCK cells were cultured in low growth factor
(LGF) Matrigel, a gel of reconstituted basement membrane
derived from Engelbreth-Holm-Swarm (EHS) tumor and com-
prised primarily of the matrix components laminin, collagen
IV, and entactin. Recent studies have indicated that the laminin
in the EHS tumor-derived matrix is responsible for driving the
morphogenetic process when mammary epithelial cells are
cultured three-dimensionally [6]. MDCK cells forming cysts in
LGF Matrigel were fixed at different times for up to 10 days
and then stained for polarity markers and an apoptosis marker.
The confocal images showed that cells polarize and form clear
lumens much faster in the presence of laminin (Figure 1B and
Figure S1). Note the presence of apical lumens and tight junc-
tions at very early stages of cysts formation (Figure 1B, arrow-
heads show the presence of tight junctions at 24 hr and MDCK
cysts with clear lumens at 48 hr). Importantly, there was a very
low number of MDCK cysts stained for caspase3, the apopto-
sis marker (Figure 1B, upper panels, quantitation in Figure 1D).
The number of cysts with apoptotic cells of the epithelial wall
was always very low in comparison with the luminal cells in
MDCK cells growing in collagen gels, indicating the specificity
of apoptosis to form the lumen during epithelial morphogene-
sis in collagen (Figure 1C). These results suggested that apo-
ptosis is not essential for the formation of a central lumen
when laminin is present in the ECM.
To further test this hypothesis, we prepared movies of
MDCK cells forming cysts in Matrigel or collagen for up to
9 days (Figure S2, Movie S1, and Movie S2). MDCK cells in
Matrigel formed one single lumen from early time points of
cyst formation (36–66 hr) by the separation of the cell mem-
branes and without the presence of cells in the lumen
(Figure S2, top panels; arrows indicate the presence of the
lumens; Movie S1). However, MDCK cells growing in collagen
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508Figure 1. The Presence of Laminin in the ECM Reduces Apoptosis in Lumen Clearance
(A and B) Effect of laminin on polarity, lumen formation, and apoptosis. MDCK cells were plated to form cysts in collagen (A) or LGF Matrigel (B). Cells were
fixed at 1, 2, 3, 4, 5, 6, 7, and 10 days and stained to detect gp135 (red), ZO-1 (green), and nuclei (lower panels merged with DIC) and caspase3 (green, upper
panels). Arrowheads indicate apoptotic cells in the lumen of the cysts. Scale bars, 5 mm.
(C and D) Quantitation of cysts with apoptotic cells in the lumen (black bars) or in the epithelial wall (gray bars) in cells plated from 1 to 10 days in collagen (C)
or LGF Matrigel (D). Values shown are mean 6 SD from four different experiments. Statistical analysis of the data demonstrates that apoptosis occurs
specifically in the lumen (p < 0.005).formed multiple lumens, at later time points during cyst forma-
tion (80–90 hr; Figure S2, bottom panels, arrows indicate the
presence of the lumens; Movie S2). Additionally, the collagen
cysts presented multiple cells in the lumen (Figure S2,
bottom panels, arrowheads).
Apoptosis Is Essential for Lumen Formation in MDCK
Cysts in the Presence of Laminin When the Acquisition
of Polarity Is Delayed
Our results suggested that, when the acquisition of polarity
during epithelial morphogenesis is accelerated by the pres-
ence of laminin (a strong ECM signal), the requirement of
apoptosis is reduced. To test this hypothesis, we delayed
the acquisition of polarity in MDCK cysts growing in LGF
Matrigel by disrupting a molecular pathway that uses the small
GTPases Cdc42 to form the apical membrane and lumen in
MDCK cysts [7]. Endogenous Cdc42 was reduced to 10%
compared to control using siRNA heteroduplexes (Figure 2C).
When control and Cdc42-reduced cells were plated to form
cysts, most control cells formed normal lumens at 48–96 hr
(91%) (Figure 2A, left panels), whereas only 34% of MDCK
cysts with reduced Cdc42 had normal lumens at this time.
Instead, most cysts with reduced Cdc42 of similar size to
those of control cysts had multiple small lumens (Figure 2B,
left panels). The KD Cdc42 MDCK cysts acquired clear lumens
at longer times (Figure 2B, bottom-right panel, 7 days), whenthe levels of Cdc42 protein were partially recovered
(Figure 2C). Importantly, we observed multiple MDCK cysts
stained for the apoptosis marker caspase3 at later times of
cyst formation (Figure 2B, right panels, days 4–7 arrowheads).
By contrast, the control cysts did not show a significant num-
ber of MDCK cysts stained for the apoptosis marker caspase3
(Figure 2A, upper panels). Quantification in panel 2D showed
that 37% of KD Cdc42 cysts had apoptotic cells. These results
suggested that apoptosis was involved in the formation of the
lumen in MDCK cysts in LGF Matrigel when the acquisition of
polarity was delayed.
To further test this hypothesis, we exploited the recently
described property of epithelial cells in Matrigel to form cell
aggregates when plated at high cellular density [8]. We plated
MDCK cells in LGF Matrigel at different cell densities. MDCK
cells formed aggregates of cells when they were plated at
high density (Figure 3A, bottom panel) and small cell colonies
when plated at low density (Figure 3A, upper panel). This strat-
egy allowed us to manipulate the acquisition of polarity,
because the cells that form large aggregates lack cell polarity
initially, similar to cells in collagen at early times (compare
Figure 3A to Figure S1A). When plated at low density, most
MDCK cysts form single lumens at 72 hr, but they presented
multiple lumens when plated at high density (Figure 3B). Quan-
tification showed an inverse relationship between single lumen
formation and cell density (Figure 3C). Importantly, when
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tic cells in the lumen at 72 hr, but only less than 2% of cysts
showed apoptotic cells when plated at low density
(Figure 3B, arrowheads). There was a direct, quantitative rela-
tionship between apoptosis and cell density (Figure 3D). These
results further support the idea that apoptosis is involved in the
formation of the lumen in epithelial tissues when the acquisi-
tion of polarity is delayed.
Next, we characterized the effect of disrupting Cdc42 on
lumen formation and apoptosis in MDCK cells plated in LGF
Matrigel at different cell densities (Figure S3). Importantly,
the quantification of this experiment showed that, in MDCK
cysts plated at low density, there was an specific increase of
apoptosis in luminal cells of Cdc42 KD cells at later times of
cyst formation (Figure S3A, day 5), indicating that cell death
is specifically localized in the luminal region rather than being
widely distributed. When the MDCK cells were plated at high
density, we confirmed the reduction of normal lumen formation
of MDCK cysts that were plated forming aggregates described
in Figure 3 (compare 5 day control in Figures S3A and S3B).
Moreover, we observed that the formation of the central lumen
was further reduced in MDCK cells KD for Cdc42 (Figure S3B,
Figure 2. Cdc42 siRNA-Depletion Delays Lumen
Formation in MDCK Cysts
(A and B) Effect of Cdc42-1 siRNA on lumen for-
mation and apoptosis. MDCK cells were trans-
fected with Cdc42 siRNA (B) or siRNA control
(A) and plated to form cysts. Cells were fixed at
2, 3, 4, 5, and 7 days and stained to detect
gp135 (red) and nuclei (lower panels merged
with DIC) and caspase3 (green, upper panels). Ar-
rowheads indicate apoptotic cells in the lumen of
the cysts. Scale bars, 5 mm.
(C) Downregulation of Cdc42 by siRNA. Cells
were transfected with siRNAs Cdc42-1 and
Cdc42-2 against canine Cdc42 or with control
siRNA, allowed to form cysts for 2, 3, 4, or 7
days, and then total cell lysates were western
blotted for Cdc42 and b-tubulin (control).
(D) Quantitation of cysts with apoptotic cells in
the lumen in cells transfected with control siRNA
(white bars) or specific siRNA Cdc42-1 (black
bars). Values shown are mean 6 SD from four
different experiments. *p% 0.01, p < 0.01.
day 5). This result indicates that polariza-
tion is required for lumen formation not
only in cells plated a low density but
also in large aggregates, because the
delay in the acquisition of polarity in-
duced by the reduction of Cdc42 protein
levels is accompanied by a delay in the
formation of the central lumen.
Inhibition of Apoptosis Prevents
Lumen Formation in MDCK Cysts in
the Absence of a Strong Polarization
Signal
Our previous results suggested that,
when the acquisition of polarity is effi-
cient, apoptosis is not essential for the
formation of the lumen. However, even
when polarization is efficient in MDCK
cysts at low density in the presence of
laminin, we observed that a small percentage of cells die by
apoptosis (Figure 1C). To better characterize the role of apo-
ptosis in epithelial morphogenesis, we inhibited apoptosis by
the expression of the antiapoptotic protein Bcl-2 in MDCK
cells. For that, we prepared MDCK cells stably expressing
Bcl-2 at different levels (Figure 4A). First, we used the clone
that expressed the highest level of Bcl-2 (clone #6,
Figure 4A, lane 1). Expression of Bcl-2 was previously reported
to inhibit lumen formation in MDCK cells in collagen [3], which
we confirmed (Figure S4). Next, we found that expression of
Bcl-2 was sufficient to inhibit lumen formation in MDCK cells
plated at high density in LGF Matrigel (Figures 4B and 4D).
However, expression of Bcl-2 did not affect the formation of lu-
mens in MDCK cells plated at low density (Figures 4C and 4E).
We obtained consistent results using stable clones that ex-
press moderate-to-low levels of Bcl-2 (Figure S5, clones #14
and #16; Bcl-2 expression levels in Figure 4A, lanes 2 and 3).
To further confirm the role of apoptosis in epithelial morpho-
genesis, we inhibited apoptosis by treatment with the general
caspase inhibitor Q-VD-OPh in MDCK cells growing at low and
high density (Figures 4F and 4G). This general caspase inhibi-
tor has been described to prevent apoptosis in in vitro and
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510Figure 3. Cell Density Determines Apoptosis Requirement and Single Lumen Formation
(A and B) Effect of cell density on lumen formation and apoptosis. MDCK cells were plated at a cell density of 104 (upper panels) or 3 3 105 cells/ml (lower
panels) and allowed to form cysts for 24 (A) or 72 hr (B). Cells were fixed and stained to detect gp135 (red), b-catenin (green, upper panels), or caspase3
(green, lower panels) and nuclei (middle panels merged with DIC). Arrowheads indicate apoptotic cells in the lumen of the cysts. Scale bars, 5 mm.
(C and D) Quantitation of cysts with normal lumens (C) and apoptotic cells in the lumen (D) in cells plated at different cell densities. Values shown are mean6
SD from four different experiments. Statistical analysis of the data demonstrates a direct relationship between cell density and apoptosis (p < 0.005) and an
inverse relationship between single lumen formation and cell density (p < 0.005).in vivo models [9]. Treatment with Q-VD-OPh inhibited apopto-
sis in MDCK cells forming cysts at high and low density in
a dose-dependent manner (Figures 4F and 4G). Confirming
our previous results with the expression of Bcl-2, we observed
that apoptosis inhibition mediated by Q-VD-OPh did not affect
normal lumen formation in MDCK cells plated at low density
(Figure 4G), but it was sufficient to inhibit lumen formation in
MDCK cells plated at high density (Figure 4F). These data sup-
port our hypothesis that apoptosis is essential for the forma-
tion of the lumen in epithelial tissues when the acquisition of
polarity is delayed and clearly demonstrate that, when cells
polarize efficiently, the requirement of apoptosis for lumen for-
mation during epithelial morphogenesis is reduced.
Discussion
Formation of lumens is a central feature of organogenesis.
Cells create luminal space through many different mecha-
nisms, such as invagination and cell migration, described for
the formation of the vertebrate intestinal tract and neural
tube, respectively [1]. When the epithelial tubes arise from
clusters of unpolarized cells or individual cells that are not
epithelial, two major classes of mechanisms predominate:
hollowing and cavitation [1, 2]. In hollowing, as occurs in the
zebrafish gut tube [10], cells form cell-cell junctions and
acquire apical-basal polarity de novo, forming a small lumen
that subsequently expands by the generation of additionalapical membrane. Alternatively, lumen formation occurs by
polarization of cells at the periphery of the cord, followed by
selective apoptosis of cells in the center, as occurs in the
mammalian salivary gland [11]. Apoptosis is a fundamental
cellular process that is necessary for embryonic development
and the maintenance of tissue homeostasis in the adult organ-
ism. The data presented here demonstrate a functional rela-
tionship between cell polarization and apoptosis for the forma-
tion of the lumen during epithelial morphogenesis in 3D-MDCK
cell culture. We propose that, when the acquisition of polarity
is efficiently achieved and coordinated with cell proliferation,
lumen formation occurs by membrane separation without the
requirement of apoptosis. However, when apico-basal polari-
zation is slow or inefficient or when cell polarity is uncoordi-
nated with cell proliferation, apoptosis of cells in the center
of the cord becomes essential. Therefore, apoptosis is a con-
trol mechanism that ensures the clearance of the lumen during
epithelial morphogenesis.
To establish cell polarity, epithelial tissues require external
cues mediated by the interaction of the cells with the surround-
ing media, other cells and/or extracellular matrix [1, 12]. In par-
ticular, two main events are required in morphogenesis: an
initial cue that orients the axis of polarity, mediated by the
interaction of the cells with the ECM; and then formation of a
lumen, regulated by the generation, transport, and exocytosis
of membrane carriers containing apical surface components
[13]. In the MDCK-3D system, the interaction between
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511Figure 4. Bcl-2 Expression Prevents Apoptosis in MDCK Cysts at High Density, but Has No Effect at Low Density
(A) Western blot of stable expression of Bcl2. Extracts from different clones of MDCK Bcl2 were immunoblotted with gp135 (upper panel) as a control and
anti-Bcl2 (lower panel) to detect endogenous and transfected proteins.
(B) Effect of Bcl2 expression on lumen formation and apoptosis in high-density MDCK cells. MDCK cells expressing Bcl2 (lower panels) or not (upper panels)
were plated at high density (33 105 cell/ml) to form cysts for 3 and 5 days. Cells were fixed and stained to detect gp135 (red), caspase3 (green), ZO-1 (white),
and nuclei (merged with DIC). Arrowheads indicate apoptotic cells in the lumen of the cysts. Scale bars, 5 mm.
(C) Effect of Bcl2 expression on lumen formation and apoptosis in low density. MDCK cells expressing Bcl2 (lower panels) or not (upper panels) were plated
at low density (104 cell/ml) to form cysts for 3 or 5 days. Cells were visualized as in panel (B). Scale bars, 5 mm.
(D) Quantitation of cysts with normal lumens in high-density MDCK cells transfected with Bcl2 (black bars) or control (white bars). Values shown are
mean 6 SD from four different experiments. *p < 0.01.
(E) Quantitation of cysts with normal lumens in low-density MDCK cells transfected with Bcl2 (black bars) or control (white bars). Values shown are
mean 6 SD from four different experiments.
(F) Quantitation of cysts with normal lumens (white bars) in high-density MDCK cells treated with Q-VD-OPh at different concentrations: control (0),
10 mM, and 50 mM. Apoptosis in luminal (black bars) and epithelial cells (gray bars) were also quantified. Values shown are mean 6 SD from two different
experiments. *p < 0.005, **p < 0.005.
(G) Quantitation of cysts with normal lumens (white bars) in low-density MDCK cells treated with Q-VD-OPh at different concentrations: control (0),
10 mM, and 50 mM. Apoptosis in luminal (black bars) and epithelial cells (gray bars) was also quantified. Values shown are mean 6 SD from two different
experiments.integrins and the ECM generates a signaling cascade required
for the orientation of polarity [2]. Because laminin is essential
for this first event [4, 5], the efficiency of this process hinges
on the presence or absence of laminin in the ECM. We show
that the presence of laminin in the ECM (contributed here by
LGF Matrigel) efficiently induced polarization of MDCK cells
(Figure 1). Furthermore, inhibition of apoptosis by forced ex-
pression of Bcl-2 or a general caspase inhibitor did not block
lumen formation. When laminin was not supplied (i.e., whencells where grown in collagen), polarization was slower, result-
ing in the requirement of apoptosis for the lumen clearance.
After this initial establishment of the axis of polarity, the most
important event is the formation of the apical membrane and
the lumen. Recent results have suggested that membrane traf-
ficking is needed for the genesis of the apical surface [14]. We
have characterized a Cdc42-dependent mechanism needed
for formation of the apical membrane and lumen in MDCK
cysts [7]. We show that disruption of Cdc42 delayed formation
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fore [7], accompanied by apoptosis specifically in the luminal
cells, resulting in the clearance of the luminal space (Figure 2).
The mammary-derived cell line MCF-10A represents an-
other widely used 3D model to study epithelial morphogenesis
in vitro [15]. MCF-10A cells grown in 3D cultures form acini-like
structures with a hollow lumen that clears by apoptosis. Al-
though this in vitro model presents a morphogenetic program
similar to the 3D-MDCK in collagen, with slow polarization and
apoptosis to clear the lumen, this in vitro model uses Matrigel
(laminin rich) as the ECM support. However, it is noteworthy
that MCF-10A cells lack tight junctions and therefore never
fully polarize [16], which might explain the requirement for ap-
optosis to clear the lumen and thus the differences observed
between the MCF-10A model and the 3D-MDCK model de-
scribed in this paper. When caspase-dependent apoptosis is
prevented in the MCF-10A model, cells can eventually die by
alternative mechanisms, such as autophagy [17]. We saw no
evidence of other types of cell death in our MDCK model in
any experiments reported in this paper, even when caspase-
dependent apoptosis was inhibited. However, we cannot rule
out the possibility of alternative mechanisms of cell death at
later stages of cyst formation when caspase-dependent
apoptosis was inhibited.
In conclusion, we have shown that apoptosis is a control
mechanism that ensures the clearance of the lumen in epithe-
lial morphogenesis when the acquisition of apico-basal polar-
ity is disrupted, or delayed, resulting in a miscoordination of
cell polarity with cell proliferation.
Experimental Procedures
Antibodies and Reagents
Primary antibodies against b-tubulin (mouse, Chemicon); b-catenin (rabbit,
Sigma); Cdc42 (mouse, BD Transduction Lab); caspase3 (rabbit, Upstate);
ZO-1 (rat R40.76; gift from B Stevenson); gp135 (mouse, gift of George Oja-
kian). Secondary antibodies were highly crossabsorbed anti-mouse Alexa
Fluor 546 and anti-rabbit Alexa Fluor 488 (Molecular Probes,), goat anti-rab-
bit or anti-mouse HRP (Jackson). Actin filaments were stained with Alexa
Fluor 488, 546, or 633 phalloidin (Molecular Probes). Nuclei were stained
with Hoechst (Molecular Probes). General caspase inhibitor Q-VD-OPh
(R&D Systems).
Biochemistry
Preparation of lysates, immunoblotting, and coimmunoprecipitation from
cysts were described previously [4, 5].
Cells
MDCK cells were grown in 2D or in collagen as described [4, 7]. MDCK
stably expressing Bcl2 were made by cotransfection with the blasticidin-
resistant gene. After 3 weeks in selective medium, clones were isolated
and analyzed by WB.
To prepare cysts in Matrigel, cells were trypsinized to a single-cell sus-
pension and plated at low density (3 3 104/ml) or high density (3 3 105/ml)
in 2% Matrigel. 250 ml of cells in Matrigel were plated in 8-well coverglass
chambers (Nalge Nunc) covered with Matrigel. Cells were fed every 2
days and were grown for 2–7 days until cysts with lumen formed.
Microscopy
Immunofluorescence of cysts was previously described [4, 5]. Cysts were
analyzed on a Zeiss 510 LSM. Cysts with gp135 staining at the interior sur-
face and b-catenin facing the ECM were identified as normal lumens (interior
AP pole). Cysts that had gp135 either absent, in small multiple lumens, or at
the periphery were considered as abnormal lumens. Cysts with caspase3-
positive cells in the lumen were identified as apoptotic-positive in all quan-
tifications. Per condition, >100 cysts/experiment were analyzed, SD was
calculated, and statistical significance was by paired Student’s t test.Time-Lapse Images
Cells were grown in Matrigel-coated 24-well plates or collagen plates and
observed using a Zeiss Axiovert S-100 microscope (Carl Zeiss, Thornwood,
NY). Time-lapse movies were recorded beginning 8 hr after plating and end-
ing after 166 hr (collagen) or 212 hr (Matrigel) of culture. We used a 10 A-Plan
objective lens on a Cohu high-performance charge-coupled device camera.
Light exposure was regulated by a Ludl shutter and controller, which also
controlled the Ludl x-y-z-motorized stage. Temperature and carbon dioxide
were held at 37C and 5%, respectively, by using a CTI Controller 3700 and
Temperature Control 37.2 combination (Carl Zeiss). Images were acquired
every 15 min by using a custom macro implemented in OpenLab 4.0.2
(Improvision, Lexington, MA). Images were recorded using OpenLab LIFF
series (Improvision) and compiled into Quick-Time movies, 8 frames/s.
Cell movement was analyzed with MetaMorph software (Molecular Devices,
Sunnyvale, CA).
RNAi
Twenty-five nt siRNA duplexes targeting mRNA sequences of canine Cdc42
were described previously [7]. Briefly, siRNA duplexes were purchased from
Invitrogen. The specificity of Cdc42 downregulations was further checked
by western-blot analysis. MDCK cells plated on 10 cm plates were trans-
fected with 20 nM of Cdc42 siRNA duplex or scrambled siRNA using Lipo-
fectime 2000 (Invitrogen) and incubated for 24 hr after transfection in the
same plates. Then the cells were plated to form cyst for 2–7 days as de-
scribed above and were prepared for confocal and western-blot analysis.
Supplemental Data
Five figures and two movies can be found online at http://www.
current-biology.com/cgi/content/full/18/7/507/DC1/.
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